Spherical MgSO 4 droplets were deposited by a syringe on the hydrophobic Teflon substrate. Using micro-Raman technique, the laser beam was highly focused twice on the surface and in the center of spherical droplets. The Raman spectra for the surface and the inner of MgSO 4 droplets were accordingly obtained, suggesting formation of a thin layer of gels on MgSO 4 droplets at low relative humidity. The gel layer covered the surface and exhibited a significant delay in response to the change of ambient relative humidity, resulting in the structural difference between the surface and the inner of MgSO 4 droplets.
Hygroscopic property is one of the most fundamental physicochemical properties for atmospheric aerosols, affecting the air quality, visibility, and global climate and so on [1] [2] [3] [4] . Atmospheric aerosols are generally expected to instantaneously achieve equilibrium with ambient environments in the process of gas-aerosol water transport [5] . However, a series of studies found that serious mass transfer limitation occurred in MgSO 4 aerosol droplets under low relative humidity (RH) [6, 7] . Subsequent spectroscopic investigations and theoretical calculations suggested that the chain structures formed by contact ion pairs (CIPs) of Mg 2+ and SO 4 2− should be responsible for the mass transfer limitations [8, 9] . In our recent Raman spectroscopic investigations of MgSO 4 droplets deposited on the quartz substrate, the structures for gels were identified and the Raman bands at 1021 and 983 cm −1 were assigned to the chain structures and the free SO 4 2− ions. The intensity ratio of the two Raman bands, i.e., I 1021 /I 983 , was suggested to describe the extent of gel formation [10] . However, the MgSO 4 droplets were easily spread on the quartz substrate with thickness of few microns. It is difficult to get the structural difference between the surface and the inner of the droplets on the hydrophilic substrate with micro-Raman technique. Teflon is a kind of hydrophobic substrate, which can be used to prepare droplets with very large contact angle. Thus the MgSO 4 droplets on Teflon substrate would have a spherical shape allowing for the investigations of the structures of the surface and the inner under low RHs.
In the depth-scanning process, the laser beam can be focused twice on the top surface and in the centre of the spherical droplet as shown in Figure 1 . In ideal cases, the laser beam through the confocal microscope is conical and the conical point is the focus of the laser beam, which is masked with O 1 in Figure 1 . In the initial step of depth-scanning process (the scanning depth d = 0 μm), the laser beam is focused on the top surface of the droplet (Figure 1 (a) ), and the collected spectral information should be entirely from the surface. When the laser beam penetrates the surface of the droplet, refraction should occur at the interface of the two media. After refraction, the "focus" becomes diffusive for the laser beams before and beyond the center of the droplet, ac- cording to the dark green regions in Figure 1 (b) and (d). In both cases, the "focus" of laser beam diffuses in the small region along the axes of laser rather than concentrates on a certain point. As a result, a highly focused point cannot be obtained. However, when the laser beam focus coincides with the center (marked with O in Figure 1 with the scanning depth d equalling the radius r of the droplet) of the spherical droplet, the laser beam penetrates perpendicularly the surface of the droplet without refraction (Figure 1(c) ), when a highly focused point can be obtained again.
The above conclusions can be supported by the following Raman measurements. Figure 2 displays the changes of laser beam focus with the scanning depth for the spherical droplet with a radius of 42 μm. It is apparent from Figure 2 that highly focused points can only be observed on the top surface (d = 0 μm) and nearly at the center of the droplet (d = 40 μm). At other scanning depths, only diffusive laser focuses are obtained. For the droplets with different sizes, the radius (r) can be evaluated by the scanning depth d when the laser beam focuses again in the centre of the droplets. Figure 3 shows a good linear relationship between the radius evaluated by the scanning depth d and that evaluated by the microscope. Thus, the laser beam can always focus again at the center of droplets for the spherical droplets in the range of r = 10~65 μm. Highly focused point can be obtained twice on the top surface and at the center of one spherical droplet in the depth-scanning process. Accordingly, the collected Raman spectra should be exclusively from the surface and the center of droplets, respectively, which Figure 3 Changes of the scanning depth versus the radiuses of droplets when the laser beam gets highly focused on droplets with different radiuses. Points A and B are from the same droplet at different RHs.
